respectively, in patients with OSA. [8] [9] [10] [11] [12] However, the analysis on all these parameters has not been performed. Therefore, we aimed to explore the alternation and meaning of complete hemocyte profile in a large sample with OSA individuals.
| MATERIAL S AND ME THODS

| Subjects
This retrospective study consisted of 1087 male patients (mean age 44.45 ± 11.18 years) who were admitted to the sleep center of our hospital from May 2013 to February 2018. Demographic characteristics were collected from the electronic medical record, including age, BMI, and past medical history. Our inclusion criteria included male patients aged 18 years and older, and who had an overnight full laboratory polysomnography examination (PSG) and complete blood profile before the administration of any treatment for OSA.
Exclusion criteria were age <18 years, the female sex, diagnosed autoimmune disorders, acute respiration tract infection in recent one month, liver or kidney disease, malignant tumor, chronic alcoholism, hyperthyroidism or hypothyroidism, inflammatory bowel disease, inflammatory connective tissue disorders, heart disease (such as coronary artery disease and heart failure), cerebrovascular accident, history of recent blood transfusion (within 2 weeks), or hematologic disorders such as leukemia, anemia, or myelodysplastic syndrome.
| Polysomnography
According to the overnight PSG monitoring results, AHI, A-SPO2, and M-SPO2 were collected in all patients. Apnea events were defined as a ≥90% drop of respiratory amplitude, lasting at least 10 seconds. Hypopneas were defined as a reduction in airflow of ≥50% of baseline or a ≥30% decrease in the airflow for 10 seconds accompanied either by a decrease in hemoglobin saturation for ≥3%
or an EEG arousal. The average numbers of apnea and hypopnea epi- 
| Biochemical parameters
Complete blood profile in all patients was also recorded from the electronic medical record, including leukocytes, neutrophils, lymphocytes, monocytes, eosinophils, basophils, erythrocytes, hemoglobin, hematocrit, platelets, MPV, PDW-SD, MCV, RDW-SD, N/L, and P/L.
| Statistical analysis
All analyses were performed using SPSS 22.0. Quantitative data were expressed as the mean ± SD. Qualitative data were expressed as counts and percentages. 
| RE SULTS
The clinical characteristics and laboratory parameters of the study population were presented in Table 1 . According to AHI, 1087 patients included were divided into four groups: control group (n = 135), mild OSA (n = 185), moderate OSA (n = 171), and severe OSA (n = 596). BMI, morbidities of DM, and hypertension were significantly different among groups (P < 0.001).
For blood routine indicators, leukocytes, neutrophils, lymphocytes, monocytes, eosinophils, basophils, erythrocytes, hemoglobin, hematocrit, platelets, MPV, and PDW-SD showed statistically significant differences among the four groups (P < 0.05). However, there were no significant differences in the MCV, RDW-SD, N/L, and P/L (P > 0.05) ( Table 1 ). In Pearson correlation analysis, neutrophils, lymphocytes, monocytes, eosinophils, basophils, hemoglobin, hematocrit, platelets, and MPV were significantly correlated with AHI (Table 2 ). In addition, stepwise linear multivariate regression model showed that hematocrit (β = 73.254, P = 0.001), neutrophils (β = 1.414, P = 0.012), lymphocytes (β = 4.574, P < 0.001), and BMI (β = 0.566, P < 0.001)
were independently associated with OSA (Table 3) . Figures 1-3 showed the correlation between AHI and hematocrit ( Figure 
| D ISCUSS I ON
In the present study, we investigated the association of total blood routine and OSA severity in a large sample. Neutrophils, lymphocytes, and hematocrit were independently associated with OSA and may serve as predictors of OSA severity.
| Leukocyte subtypes
| Neutrophils
Neutrophils, a major category in leukocyte, are proinflammatory cells which could produce large quantities of reactive oxygen species (ROS) and release inflammatory leukotrienes and proteolytic enzymes. 13 Previous literature has shown that IHR (intermittent hypoxia/reoxygenation) could reduce the percentage of apoptotic polymorphonuclear leukocytes (PMNs) in vitro. 14 Moreover, a recent study 15 identified that OSA was correlated with elevated neutrophil counts in a cohort of 1298 participants. Accordingly, our study, performed in a large sample, also showed that OSA was closely related to high neutrophil counts, which suggested the existence of inflammatory response in OSA patients. However, some previous researches 10, 12 found no statistical significance in neutrophils, which might be explained by a limited sample.
| Lymphocytes
Lymphocytes, immunomodulatory cells, play an important role in both autoimmune diseases and chronic inflammatory diseases, especially vascular inflammatory diseases. 16 Previous study reported that sleep deprivation was related to high levels of lymphocytes. 17 Furthermore, a decrease in the total lymphocytes and TNF-α levels was observed after CPAP treatment in OSA patients. 18 In the current study, we observed that lymphocyte counts were highly correlated with the severity of OSA. However, Freire's study 10 identified no difference in lymphocytes; the possible explanation was that they did not exclude patients with CVD when it came to explore the relationship between lymphocyte counts and OSA, because low lymphocyte counts have been found in CVD patients. 19 The presence of CVD, which was excluded in our study, may affect lymphocyte counts in OSA patients.
| Monocytes
Monocytes made a main contribution to proinflammatory cytokine production in sleep deprivation. 20 In inflammatory disease, microbial infection promoted monocytes to migrate from bone marrow to circulating blood and then to inflammatory sites. 21 Moreover, Tamaki's study 11 indicated that nocturnal hypoxia activated the invasive ability of monocytes in OSA, which was evaluated by counting the number of cells invading the BD BioCoat Matrigel Invasion Chamber. And in our study, the level of monocytes in OSA patients was significantly higher than that in the control group.
TA The data are presented as means ± SD; categorical data as the number (percentage). Differences among the four groups were examined using a oneway analysis of variance (ANOVA) or chi-square test according to the characteristics of the data distribution. BMI: body mass index; N/L: neutrophils/ lymphocytes ratio; P/L: platelet/lymphocyte; MCV: the average volume of red blood cells; RDW-SD: the distribution of red blood cells; MPV: the average volume of platelets; PDW-SD: the width of platelet distribution; AHI: apnea hypopnea index; A-spo2: average pulse hemoglobin saturation; Mspo2: minimum pulse hemoglobin saturation.
A growing evidence suggested that levels of neutrophils, lymphocytes, and monocytes increased in sleep restriction. 17, 22, 23 Consistent with previous reports, our study found that neutrophils and lymphocytes were independently associated with the severity of OSA, which suggested that OSA is a low-level and systematic inflammatory disease.
| Eosinophils and basophils
A large number of studies have confirmed that asthma was widespread in OSA patients and that both diseases often coexisted. 24 In addition, OSA patients were usually obese people who were more likely to develop asthma. 25 Although eosinophils and basophils accounted for a very low percentage in peripheral blood cells, both cells were associated with allergic inflammation, such as asthma. 26 Researches 27 have found that eosinophils and basophils in peripheral blood decreased with the improvement of asthma.
In the present study, our date showed that both eosinophils and basophils had statistical differences in four groups based on AHI.
This might suggest that asthma was highly prevalent in patients with OSA.
| Red blood cells
OSA is characterized by frequent hypoxemia and arousal in sleep.
In our present study, significant differences in erythrocytes and hematocrit were observed among four groups, and hematocrit was independently associated with the AHI indexes, in accordance with MPV: the average volume of platelets; PDW-SD: the width of platelet distribution; P/L: platelet/lymphocyte; BMI: body mass index; AHI: apnea hypopnea index; A-spo2: average pulse hemoglobin saturation; M-spo2: minimum pulse hemoglobin saturation.
TA B L E 3
The multiple linear regression for AHI 
F I G U R E 1
The scatter plot of AHI and hematocrit in OSA patients
Cho's results. 28 One possible explanation was that hypoxemia could stimulate erythropoietin (EPO) production, resulting in increased hematocrit. 29 In addition, in Amir's study 30 
| Platelet parameters
Larger platelets tend to develop thrombosis. Therefore, MPV and PDW were closely related to the activity of platelets. 33 A few studies revealed that MPV was an independent predictor in patients with OSA. 34 In another study, PDW was correlated with AHI, but no
The scatter plot of AHI and lymphocyte in OSA patients
The scatter plot of AHI and neutrophil in OSA patients statistical significance was found in MPV among different groups. 35 However, our study showed that MPV and PDW were significantly higher in severe OSA patients compared to the control group.
| N/L and P/L ratio
Both N/L and P/L ratios were newly identified inflammatory markers. There were reports which have demonstrated that P/L and N/L ratios were significantly associated with the severity of OSA. 36, 37 However, our present study found no significant difference in regard to these two ratios. Consistent with our conclusions, Tulay's research 38 also yielded no significant difference.
As far as we know, our study was the first to analyze the whole blood profile of OSA patients in a large sample. Blood routine is a simple, inexpensive, and rapid laboratory test. Our data showed that neutrophils, lymphocytes, and hematocrit were independently associated with the severity of OSA based on AHI, and may be of guiding significance in the diagnosis of OSA disease.
However, our study had some limitations. Because this study is a retrospective study, we failed to explore the mechanism of blood routine abnormality in OSA patients. Secondly, we failed to evaluate the presence of asthma in OSA patients. Thirdly, we did not investigate the influence of CPAP therapy on blood profile. In order to further understand the relationship between OSA and blood profile, further studies are needed.
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